e e ects of selenium and vitamin E on lung tissue in rats with sepsis Abstract Purpose: In this study we examined the ability of selenium and vitamin E to prevent sepsis-induced changes in lung tissue.
e incidence of sepsis is ever increasing. Di cult to cure, with complex pathophysiological e ects, it still represents a major challenge in medicine. In spite of aggressive cures and knowledge of the physiopathology of sepsis at a molecular level, factors such as an increase in the number of immunosuppressive patients, infections in intensive care units, radiotherapy, chemotherapy and an increase in the number of resistant microorganisms have all led to a rapid rise in the number of sepsis cases. With recent developments in cell biology, the physiopathology of sepsis has become better understood and the mediators and cytokines involved have been de ned along with the e ects of these chemicals and resulting metabolic changes in the body [1, 2, 3] . In sepsis, complications related to the lungs o en result in a high mortality rate. Selenium, an antioxidant that contributes to the growth and development of cells, exists in the structure of selenoprotein helps to prevent the cellular damage caused by free radicals. Sepsis patients are under severe oxidative stress. Selenium-containing enzymes protect cells against lipid peroxidation and are active in regulating the incidence of in ammation so selenium may help to protect patients against multiple organ failure [4, 5] .
Vitamin E has a signi cant antioxidant function especially for cell membrane lipoproteins [6] . e role of vitamin E in supporting the immune system is enhanced by selenium [7, 8] .
Giving vitamin E to newborns with pancreatic cystic brosis was found to help alleviate respiratory distress. e antioxidant e ects of vitamin E are more prominent at high oxygen concentration [8] . It serves as a natural antioxidant which reduces oxidized cellular components, decomposes reactive oxygen species, and detoxi es toxic oxidation products [9] . Vitamin E also protects erythrocytes against hemolysis in premature infants and reduces DNA damage because of its antioxidant effects [9, 10] . During sepsis, oxidative stress increases while the levels of antioxidants such as selenium and vitamin E decrease.
e use of antioxidants in sepsis patients can prevent the increase of oxygen free radicals [10] .
In our study, we used an experimental model of sepsis to examine the e ects of vitamin E and selenium to prevent sepsis-induced damage to lung tissue.
Materials and Methods
e research was conducted at the Experimental Research Center, Konya University with the approval of the Ethical Committee. Fi y female Sprague-Dawley rats (260-300 g) were separated into ve groups of 10: Group 1: Control group. Group 2: Sepsis group. Only cecal ligation and perforation (CLP) was performed on this group. Group 3: Selenium group. An intraperitoneal dose of 100 µg selenium was given for the rst two days, followed by a daily dose of 40 µg for the next ve days. CLP was performed the following day. Group 4: Selenium and vitamin E group. An intraperitoneal dose of 100 µg selenium was given for the rst two days followed by a daily dose of 40 µg for the next ve days. Simultaneously, vitamin E was given intramuscularly in a dose of 250 mg/kg/day for seven days. CLP was performed the following day. Group 5: Vitamin E group. Vitamin E was given intramuscularly in a dose of 250 mg/kg/day for seven days. CLP was performed the following day.
Sepsis model
Sepsis was induced using the CLP model; a commonly used experimental animal model of sepsis [11, 12] . A er anesthesia with ketamine hydrochloride (60 mg/kg), the animals were restrained in the supine position, shaved, and a 2 cm midline incision was made under sterile conditions. e cecum was isolated and tied with 4-0 silk, and ligated just below the ileocecal valve without interrupting the continuation of the small bowel and colon. e cecum was then punctured twice with a 22-gauge needle and a small amount of bowel content was extruded through the puncture holes. e ligated and punctured cecum was returned to the peritoneal cavity and the abdominal cavity was closed with 4-0 silk sutures. Normal saline (20 mg/ kg body weight) was then administered subcutaneously to replace insensible losses.
CLP was not performed on Group 1 (control), only the cecum was explored. e animals were then grouped in to cages in rooms in which humidity, light and heat (22 o C) were controlled. Twelve hours later the rats were fed standard rat food and fresh water. A er 24 hours, the rats were anesthetized and blood was taken by intracardiac puncture to measure arterial blood gas and glutathione peroxidase, leukocytes and Creactive protein (CRP) levels. Lung tissue was removed by sternotomy. Glutathione peroxidase was checked and a pathological evaluation of the lungs for edema, congestion, emphysema and in ammation was performed.
e precise dose of vitamin E was based on previously published studies [13] . e precise dosage of Na selenite was also based on previous studies, particularly that of Forcevilla et al. [14] . An intraperitoneal dose of 100 µg/day for 2 days was given, which was then reduced to 40 µg/day for 5 days. During the experiment, no toxicity or other side e ects were observed.
Pathological examinations
Blind pathological examinations were then conducted and pathological changes were graded according to the degree of edema, congestion, emphysema and in ammation features in the lung tissue samples. e changes are expressed as follows: Grade 0: No pathological changes in lung tissue, Grade 1: minor changes, Grade 2: moderate changes, Grade 3: distinct changes.
Glutathione peroxidase (GPx) measurements
Blood and le lung tissue was kept at -80 o C in the freezer and used for measurements of glutathione peroxidase. Blood glutathione peroxidase activity was measured with Paglia and Valentine's spectrophotometric kinetic method using a commercial kit (Ransel-Randox kit). A er weighing, the tissue was homogenized with a Te on homogenizer in cold 50 mM Tris-HCI (pH=7.4) 33% weight/volume. Samples were sonicated three times in 30 second intervals, and then centrifuged at 5000 rpm at 4 o C for 30 minutes. e protein was measured using the Ransel-Randox kit and then measured with a Beckman LX 20 autoanalizer using a Beckman marker kit. e results were given as (U/g protein) [15] .
Statistical methods
Variance analysis (ANOVA) was used for comparison between groups. e Tukey HSD was used as a posthoc test and the Kruskal-Wallis variance analysis was used for variables not conforming to normal distribution.
e Bonferroni-corrected Mann-Whitney-U test was used for paired comparison, and p<0.05 was accepted as the level of signi cance. were signi cantly higher than Group 4 (p<0.05), but there was no signi cant di erence between Group 3 and Group 4 (p>0.05). CRP levels for Group 2 were signi cantly higher than all the other groups (p<0.05). ere were no signi cant di erences between Groups 3, 4, and 5 (p>0.05). Glutathione peroxidase levels in the blood samples were not signi cantly di erent between Groups 3, 4, and 5 (p>0.05), but the glutathione peroxidase values of Group 2 were signi cantly lower than the other groups (p<0.05).
Results
Glutathione peroxidase values in lung tissue were not signi cantly di erent between Groups 3, 4 and 5 (p>0.05) but were signi cantly lower in Group 2 (p<0.05). In terms of histopathological changes in lung tissue, there were no signicant di erences between Groups 3, 4, and 5 but Group 2 (p<0.05) values were signi cantly di erent. (Table 2 Histopathological views of right lung tissue were obtained post mortem. Figure 1 shows images of specimens of right lung tissue from each group.
Discussion
Sepsis has always been a major health problem because it is di cult to treat and is associated with high mortality and morbidity; thus, early diagnosis and treatment of sepsis are important. In sepsis, bacterial toxins cause the release of cytokines and the activation of mediator systems. Endotoxin release is a common feature of all gram-negative bacteria with Lipid A structure. ese substances activate the complement and coagulation cascade that results in the biochemical changes leading to the clinical picture of sepsis [3] .
Epidemiological studies show that selenium helps to prevent carcinogenesis. It was discovered that selenium support decreases the frequency of liver, colon, prostate and lung cancers; however, the response to selenium is not identical for all individuals [16] . e report of the Selenium and Vitamin E Cancer Prevention Trial (SELECT) found no reduction in risk of prostate cancer with either selenium or vitamin E supplements but a minor increase in prostate cancer risk with vitamin E. Longer follow-up and more prostate cancer events would provide further insight into the relationship of vitamin E and prostate cancer [17] . Because immune response is extremely complicated in the sepsis process, antimicrobial treatment alone is not su cient to increase the possibility of survival of patients. It is now thought that the use of antioxidants may have a role in the treatment of sepsis. In oxidative cases like sepsis, the release of free radicals causes tissue damage by lipid peroxidation. Antioxidants like vitamin E, selenium and glutathione peroxidase inhibit lipid peroxidation. Studies have shown that the use of antioxidants improve patient survival. Glutathione peroxidase protects erythrocytes and cell membranes against the e ects of oxidation [4, 8, 13] . e primary aim of this study was to examine the ability of selenium to reduce respiratory problems in rats with sepsis. Vitamin E was added to the study because it increases the e ciency of selenium but was not the main focus.
e removal of oxygen free radicals from the body is carried out by the antioxidant defense system. When there is an increase in oxygen free radicals, the body may be susceptible to several diseases. A decrease in glutathione peroxidase, an antioxidant able remove free radicals, is associated with a decrease in selenium levels. In severe sepsis cases, selenium concentration and glutathione peroxidase activity were both found to be low and an increase in glutathione peroxidase activity can be promoted by the replacement of selenium. In intensive care cases, a low serum selenium level indicates low glutathione peroxidase activity. In trauma and infection cases, an increase in glutathione peroxidase activity has been observed a er selenium replacement. Selenium protects the cell membrane against oxidative damage from peroxides that arise as a result of lipid metabolism [4, 18, 19, 20] . In our study, the CO2 values of the group given both selenium and vitamin E were lower than all groups except the group given vitamin E (p<0.05). Similarly, the SaO 2 values of the group given both selenium and vitamin E were higher than all groups except that given vitamin E (p<0.05). is indicates that giving both selenium and vitamin E had a positive e ect on oxygenation in blood gas values.
Kono et al. showed that the newly synthetic vitamin E derivative E-Ant-S-GS suppresses the e ects of CLP-induced sepsis on in ammatory changes in the lung without obvious systemic side e ects. E-Ant-S-GS, is very e ective and could be applied in future cases of severe sepsis, alone or together with other antioxidants [ 21] . e present study supports the above ndings that indicate that the application of selenium and Vitamin E, alone or together, is bene cial in this animal model of sepsis.
Huang et al. reported in their study that adequate levels of selenium are important for initiating immunity as well as regulating excessive immune responses and chronic in ammation. Selenium de ciency has long been recognized to impact negatively on immune cells during activation, di erentiation and proliferation. is e ect is related to increased oxidative stress, but additional functions such as protein-folding and calcium ux may also be impaired in immune cells under selenium decient conditions [22] . In previous studies of patients with systemic in ammatory response syndrome (SIRS), the selenium level was found to be low and it was con rmed that selenium and glutathione peroxidase activity became normal with selenium replacement. In APACHE II score patients given selenium, acute renal failure was reduced and the incidence of mortality was found to be low [23, 24, 25] . When tissue samples from the present study were evaluated for histopathological changes in lung tissue, signi cant changes were found between the groups that were given selenium and vitamin E together or separately, and Group 2, but no changes were found between the other groups (Groups 3, 4 and 5).
CRP and leukocytes are well known in ammation markers. e CRP level starts to increase within six hours a er the onset of infection and decreases with the initiation of treatment and regression of in ammation and this series of events is used to monitor the e cacy of treatment [26] . In our study, the CRP level of the induced sepsis group was signi cantly higher than all other groups (p<0.05), but there were no statistically signi cant di erences between other groups (groups 3, 4 and 5) (p>0.05). e leukocyte level was signi cantly higher in Group 2 compared with the other groups (p<0.05). Leukocyte values of the groups given selenium and vitamin E were lower than in the group given only vitamin E. (p<0.05).
In sepsis, free radicals increase the synthesis of cytokines. In previous studies, it has been shown that alpha tocopherol analogs from antioxidant agents, which are applied to neutralize the e ects of the oxygen free radicals that occur in sepsis, may extend survival of patients [13] . Recently, the role of oxidant agents in the physiopathology of sepsis has become better understood and it is thought that they may be an e ective treatment for sepsis. It has been shown that selenium replacement increases natural killer cell activity, immunoglobulin synthesis and phagocytosis [27, 28] . Araujo et al. showed that the risk of infection in newborns was higher in those with a selenium and vitamin E de ciency [29] . In septic rats, a shortterm, high-dose enteral supplementation of vitamin E modulated the monocyte and macrophage response to endotoxins. In patients with major burns, Vitamin E levels were seen to decrease, while serum lipid peroxides increased. In patients treated with vitamin E, serum levels increased and lipid peroxides decreased to the levels of the healthy control group [30] .
Many studies show the potential bene ts of selenium and vitamin E in sepsis; however, to date, no conclusive study based on histopathological ndings describing the therapeutic ability of selenium and vitamin E to decrease respiratory problems of the lung in sepsis has been published.
Decreased serum selenium levels have been observed in acute and chronic in ammatory disease with high CRP values. In the present study, the CRP values for Group 2 were signicantly higher than for all other groups (p<0.05). In critically ill patients, especially those a icted by sepsis, low selenium levels have been found and have been associated with more extensive tissue damage and organ failure [31] . Selenium supplementation resulted in increased activity of GPx, reduced oxidative damage and an improved clinical outcome including a signicant reduction in the rate of secondary infection and reduced mortality.]. Hawker et al. reported that in rats, induced oxygen toxicity decreased a er the administration of selenium. ey also found an increase in glutathione peroxidase levels in blood and tissue (heart, liver, lung and spleen) of rats given selenium and reported that pulmonary edema was more severe in the group that was not given selenium [32] . In our study, glutathione peroxidase levels showed no statistically signi cant di erence between the groups given selenium and vitamin E (p>0.05) is study indicates that the sepsis-induced changes in lung tissue can be reduced or prevented by pre-treatment with selenium -either with or without the addition of vitamin E.
